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Meeting ReviewEpithelial Mesenchymal
Interactions in Cancer
and Development
genes has aided the study of development, the analysis
of development has provided some important insights
into the causes of cancer. This symmetry was the basis
for a meeting, organized by Angela Nieto and Masatoshi
Takeichi at the Fundacion Juan March in Madrid (Febru-
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ary 26–28, 2001), with the purpose of exploring the
theme of common molecules in development and
cancer.
After the development of genetics as a science in the
What once was a catalog of functionally diverse pro-
early part of the twentieth century, anecdotal observa-
teins associated in puzzling ways with many different
tions that some cancers run in families raised suspicions
pathologies is now beginning to gel into a picture of a
that genes may lie at the heart of these diseases. Prog-
few defined molecular events that are common to all
ress began to be made when, in the early 1980s, these
cancerous cells (Hanahan and Weinberg, 2000). These
genes were shown to be altered versions of normal cellu-
events, self-sufficiency in growth signals, insensitivity
lar genes (Bishop, 1981, 1983; Varmus, 1984). However,
to growth inhibitory signals, evasion of programmed cell
the initial catalogs of genes associated with various can-
death, limitless replicative potential, sustained angio-
cers did not provide many clues as to how they caused
genesis, and tissue invasion and metastasis, highlight
the disease. The issues at stake at the time and a way
six alterations in cell physiology which are common to
to think about them were aptly summarized by J.M.
most cancers (Hanahan and Weinberg, 2000) and can
Bishop: “what roles do cellular oncogenes play in the
be related to breaks in the rules that cells follow during
daily affairs of normal cells? Why are they there? We do
development. The last two, sustained angiogenesis and
not know but it is widely suspected that they may figure
tissue invasion and metastasis, are common features
in differentiation…(they) may have revealed to us not
of the most aggressive and lethal tumors and require
only touchstones of carcinogenesis, but clues to the
that cells lose contacts with their neighbors, become
control of normal development as well.” Time has proven
motile, and invade surrounding territories where they
this speculation correct, and the finding in the early
proliferate and undergo further invasive behavior. The
1990s of a role for Ras in the assignment of cell fates
initial phase of this process is associated with a morpho-
during the development of flies and worms served as a
logical transformation often referred to as epithelial
timely and encouraging finding that an understanding
mesenchymal transition (EMT).
of cancer might be aided by an understanding of the
role that the cellular correlates of oncogenes played in
Epithelial Mesenchymal Transitions and Theirnormal development (Egan and Weinberg, 1993).
Developmental ConstraintsIn a parallel and very different stream of inquiry, devel-
EMTs are transient changes in cell structure that areopmental biologists had been pursuing for years the
often associated with the acquisition of motile proper-way in which cells put organisms together. To do this,
ties. During development, they are closely regulated andthey turned their attention to genes and for the last 20
associated with the large scale reorganization of tissuesyears, crowned with the recent advent of whole genome
that accompanies several morphogenetic events, e.g.,sequencing, have been involved in a rich harvest of
the directed movement and coalescence of mesodermalinteresting proteins that assemble molecular networks
cells during gastrulation or the migration of neural crestof information processing. These studies have shown
cells from the neuroepithelium. In cancer, EMTs repre-that different organisms do not result from different net-
sent the first indication that a cell does not recognizeworks made up from different proteins. The molecular
its neighbors and provide a vehicle for its propagationmakeups of a human and a fly are, in essence, the same.
through the organism.Differences arise because conserved protein networks
In cancerous cells, EMTs must reflect a failure in therun species-specific programs of gene expression and
mechanisms that mediate cell-cell recognition and itscellular behavior. A survey of the literature reveals that
coupling to maintenance of cell shape and polarity.the core of this developmental information processing
Therefore, understanding the molecular basis that un-device is five signaling pathways: Delta/Notch, Wnt/
derlies the definition of different cellular territories dur-Frizzled, Hedgehog/Patched, TGFb/BMPs, and RTKs,
ing development might provide an insight into the regu-which interact at multiple levels and regulate different
latory events activated during the invasive process.cellular processes.
Ephrins and their receptors are cell surface moleculesMutations in genes encoding some component ele-
involved in reciprocal signaling events that mediate cellments of each of these pathways have emerged associ-
recognition in development (Holder and Klein, 1999;ated with cancers, either as oncogenes (dominant-
Mellitzer et al., 2000). A well-characterized function ofactive versions of the proteins) or as tumor suppressor
ephrin signaling is the definition of boundaries betweengenes (revealed as recessive mutations). Thus, an intri-
cell populations which express ligand and receptor inguing symmetry has emerged: as the study of cancer
a complementary manner, e.g., the rhombomeres in the
hindbrain. Studies of this process have led to a picture
in which complementary patterns of ephrin and receptor1 Correspondence: ama11@cus.cam.ac.uk
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expression create a boundary of molecular repulsion controls and, often, turns the table around and comes
between two cell populations that acts as a barrier to to rule the ECM to its own advantage. In this regard, it
separate them during development. Recent results, is interesting that the progression to a metastatic pheno-
however, show that in many instances, ephrins and their type is associated with changes in the expression of
receptors have overlapping patterns of expression (Wil- genes encoding not only cell-cell interactions, but also
kinson, 2001), raising the possibility that interactions cell-matrix interactions (see e.g., Clark et al., 2000).
between members of this family of signaling molecules When a cancerous cell does this, it triggers programs
mediate differential adhesion between cell populations of gene expression and protein activity that are not ap-
and not just an on/off repulsion system (D. Wilkinson, propriate for that particular cell type or that particular
NIMR, London, UK). The ability to recognize this type stage of development. In this manner, a normal gene
of cellular cue is clearly altered in invasive tumors and, product or physiological activity becomes a crucial ac-
therefore, one might expect that ephrins and their recep- complice of the cancerous cell. For this reason, under-
tors are targets for the metastatic evolution of malignant standing the function and regulation of these molecules
cells. However, while correlations have been observed during development can teach us the ways in which
between the expression of these molecules and certain cancerous cells coopt them for their lethal business,
cancers (Dodelet and Pasquale, 2000), as yet there is no and therefore we may learn the ways in which we can
clear evidence for a causal relationship between altered interfere with this interaction.
profiles of ephrin function and the invasive ability of This is illustrated by the activity of VEGF during the
cancerous cells. process of vascularization that accompanies bone for-
Normal development can provide examples of inva- mation. Studies of this process are beginning to shed
sive cellular behavior which, in contrast to that of can- light on the events that lead to angiogenesis during
cerous cells, is under tight spatial and temporal regula- tumor formation, which is an essential element of the
tion. The process of branching morphogenesis during metastasic process. During bone formation, the activity
the development of the lungs is one of these situations. of VEGF requires a specific matrix metalloprotease
In this process, a growing epithelial cell population in- (MMP), gelatinase B/MMP-9, and mice mutant for this
vades a mesenchymal one and uses molecular cues protease show a decreased vascularization (Z. Werb,
that result from this interaction to pattern the epithelium University of California, San Francisco, CA). Given the
into the architectures of the alveolar trees (Hogan, 1999). importance of angiogenesis during tumor formation, it
Advances in the mechanisms that underlie this process is of interest to analyze if MMPs also play a role in this
have been aided by research in the patterning of the process. Experiments in transgenic mice show that the
respiratory system of Drosophila, the tracheal system, angiogenic switch that triggers tumors in the pancreas
where molecules have been identified that mediate requires MMP-9 even though these cells express VEGF
branching morphogenesis. These studies have revealed and their receptors. Furthermore, MMP inhibitors reduce
a central role for FGF signaling in this process that later the number of tumors and their growth in these mice.
has been shown to extend to the lungs (Metzger and Expression of metalloproteases is generally associated
Krasnow, 1999; Warburton et al., 2000). with several kinds of tumors, indicating that these pro-
In the developing lungs, FGF acts as a chemoattrac- teins are major players in signaling events in develop-
tant for the epithelial cells which express FGF receptors ment and cancer.
as sensors and elongate toward spatially localized
sources of FGF. Branching occurs because at certain
A Central Role for E-Cadherin in EMTsplaces, FGF signaling is inhibited at the tip of the growing
The ability of a cell to undergo EMTs correlates with aepithelium and this creates a branching point because
loss of its ability to recognize with and adhere to itscells on either side continue to signal and be attracted
neighbors. One important molecule involved in thesetoward the sources of FGF. Thus, reiterated rounds of
events is E-cadherin, a single transmembrane proteinthis inhibition coupled to the growth of the epithelium
that mediates cell-cell adhesion in a strictly Ca21-depen-induce the pattern of branching characteristic of the
dent manner. A variety of experiments indicate thatalveoli. The inhibition of FGF signaling in Drosophila
E-cadherin can act as a tumor suppressor and that thereand vertebrates is mediated by members of the Sprouty
is a good correlation between the processes of invasion(Spry) family of antagonists of Ras signaling (Casci et
and metastasis and the loss of E-cadherin in cancerousal., 1999; Tefft et al., 1999). Spry2 is a member of this
cells (Perl et al., 1998). In some instances, introductionfamily expressed during the development of the lung in
of E-cadherin in tumor cells can stop their proliferativethe epithelium, and targeted indiscriminate expression
and invasive abilities. These observations raised theof Spry2 to the developing lungs not only reduces the
possibility that understanding the regulation of E-cadh-number of alveolar branches, as might be expected, but
erin activity and expression might provide some cluesalso reduces cell proliferation (J.P. Thiery, Institut Cu-
about how cells acquire some of their cancerous traits.rie, Paris, France). This indicates that in addition to
The intracellular domain of E-cadherin is linked to thebranching, FGF might promote the growth of the epi-
cytoskeleton through proteins like b-catenin or p120-thelium.
catenin. These proteins interact with cytoskeletal com-Like other growth factors, FGF is tightly associated
ponents and are targets for regulatory interactionswith the extracellular matrix (ECM) and its activity de-
which thus modulate cell-cell interactions. Comparisonpends on this association. However, there are instances
of the properties of E-cadherins in cancerous and nor-in which the ECM is not a simple passive cofactor for
mal cells has revealed that the intracellular domain ofsome growth factors, but rather plays a very active role
in their activity. A cancerous cell escapes many of these E-cadherin, and in particular the juxtamembrane domain
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of the protein in the region recognized by p120-catenin,
also is a target of regulatory interactions (M. Takeichi,
Kyoto University, Kyoto, Japan). This possibility stems
from the observation that a colorectal carcinoma cell
line, Colo205, exhibits disperse growth even though it
has cell surface E-cadherin and catenins. The defect
in these cells maps to the juxtamembrane domain of
E-cadherin, which appears to regulate cell aggregation
and compaction (Aono et al., 1999). This defect can be
shown not to be associated with the binding of p120
since in this cell line, mutations that abolish p120 binding
still exhibit the defect. To test if this region plays a role
in the normal activity of E-cadherin rather than being a
unique event associated with the particular cell line,
cadherin molecules lacking the juxtamembrane domain
were expressed in chick embryos and their activity as-
sayed during somitogenesis. Whereas dominant-nega-
Figure 1. Snail Induces EMTs in MDCK Cells
tive E-cadherins interfered with the process of segmen-
(A) MDCK cells in tissue culture.tation by altering the adhesive properties of the cells,
(B) MDCK cells that express the snail gene constitutively. (Images
E-cadherin molecules lacking the juxtamembrane do- courtesy of M.A. Nieto.)
main inhibited the process of myotome development but
had no effect on its segmentation. Specifically, these
mutant cadherin molecules interfered with the spreading sion of Slug and Snail in the early mesodermal cells
and positioning of myotome cells during differentiation. of vertebrate embryos had raised expectations for a
These results implied that the function originally inferred functional conservation of members of this family in the
from the E-cadherins in Colo205 cells might play a gen- process of gastrulation. Mice mutant for slug are viable
eral role in the modulation of cell-cell interactions. and do not show any dramatic phenotype other than
The expression of different cadherins is associated growth retardation and eye and nail defects (Jiang et
with particular kinds of epithelia during development al., 1998). On the other hand, snail mutants develop
and tends to be downregulated whenever and wherever abnormalities very early in development: a mesodermal
cells become motile. For this reason, studies of regula- layer forms but the mutant mesoderm retains epithelial
tors of EMTs might lead to regulators of the expression characteristics, such as apical-basal polarity and inter-
of cadherins and thus to potential modulators of the cellular adherens junctions (T. Gridley, The Jackson
oncogenic activity of cells. Within this context, a few Laboratory, Bar Harbor, ME). The mutant cells express
years ago, studies of genes required for gastrulation E-cadherin, supporting the correlation between expres-
and neural crest cell migration indicated that the zinc
sion of Snail, low levels of E-cadherin, and EMTs. Intrigu-
finger transcription factor Slug is crucial for EMTs since
ingly though, the levels of E-cadherin expression in the
the loss of Slug function prevented the delamination and
mesoderm of the Snail mutant embryos are lower than
migration of neural crest and mesodermal cells (Nieto et
those of wild-type embryos, raising the possibility thatal., 1994). Another member of the Slug family of tran-
in the early embryo, in addition to negative regulationscription factors, Snail, was later shown to be associ-
by Snail, E-cadherin expression is subject to a positiveated with these transitions in the neural crest of mouse
input from some activator whose expression is depen-embryos where a negative correlation can be observed
dent on Snail. Such a situation does occur in Drosophilabetween its expression and that of the cell-cell adhesion
where such an activator is provided by the bHLH productmolecule E-cadherin at the time of EMTs (Cano et al.,
of the twist gene. In Drosophila, snail and twist display2000). This correlation is mediated at least in part by
dosage interactions; however, genetic tests for interac-the binding of Snail to the E-cadherin promoter where
tions between Snail and Twist in mice have so far beenit acts as a transcriptional repressor. Snail is sufficient
negative.to induce EMTs in tissue culture, and transfection of
In addition to its role in gastrulation, the snail gene ofSnail into epithelial cell lines, such as MDCK, results in
Drosophila also plays a role in the development of thetheir mesenchymalization associated with a downregu-
nervous system, where it has redundant and inter-lation of E-cadherin expression (Figure 1; Cano et al.,
changeable roles with two other members of this family,2000; Batlle et al., 2000). Underscoring this functional
escargot and worniu. Analysis of the defects that resultcorrelation, invasive tumor cell lines and, more impor-
from loss of function of the three genes indicates thattantly, primary tumors induced in mice display expres-
they play an important role in the regulation of the spatialsion of Snail at invasive fronts where E-cadherin has
allocation of cell fate determinants within the neuro-been lost. Similar observations have now been made in
blasts and the polarity of their divisions (T. Ip., Universitytumorous cells from patients with invasive breast carci-
of Massachusets Medical School, Worcester, MA). Thisnomas (A. Nieto, Instituto Cajal, Madrid, Spain).
observation is intriguing in the light of the correlationIn most organisms, one of the earliest EMTs during
between the activity of Snail and the expression ofdevelopment takes place during gastrulation. In Dro-
E-cadherin. It will be interesting to see if in vertebratessophila, Snail is first expressed during gastrulation, and
Snail and Slug have similar roles in the definition of cellthe phenotype of snail mutants in Drosophila, which fail
to gastrulate properly, together with reports of expres- polarity and division.
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Wnt Signaling at the Crossroads of Adhesion hesion (E. Hay, Harvard University, Cambridge, MA; Eger
and Signaling? et al., 2000). These experiments suggest that the cell
The existence of common molecules involved in cancer surface and cytoplasmic pools of b-catenin are in some
and development suggests the possibility that under- sort of equilibrium that can be modulated by both Wnt
standing their function and mode of action during normal signaling and Cadherin-mediated cell adhesion. The on-
development can provide insights into their abnormal cogenic effects of increases in Wnt signaling might thus
ones. The results of the analysis of the function of be aided by associated changes in cell adhesion; as
b-catenin are a dramatic example of this. b-catenin is Wnt signaling increases, more b-catenin is used in the
a modular protein first discovered as a link between LEF1/Tcf transcriptional complex and depleted from its
cadherins and the cytoskeleton. For many years, studies role in cell adhesion. While this is certainly possible
on b-catenin provided a complement to those of cadher- under experimental conditions, the situation might not
ins. However, the finding that the Drosophila b-catenin be so simple in vivo. The association between b-catenin
homolog, Armadillo, plays a central role in Wnt signaling with E-cadherin is strong and stable (Ozawa and Kemler,
(Peifer and Wieschaus, 1990) modified the viewpoint 1992), and therefore it is likely that in these experiments,
from which to consider the function of this molecule the titrations take place at the level of newly synthesized
from a structural role in cell adhesion to a dynamic, proteins rather than at the level of their steady-state
active one in the control of gene expression in cancer concentrations. This hypothesis remains to be tested,
and development. but if this were the case, given the tight regulation of
A current view of Wnt signaling (for a review see Miller the amount of b-catenin in the cell, the significance of
et al., 1999) contends that, at the cell surface, Wnt pro- the functional interactions between Wnt signaling and
teins activate a complex made up of members of two cell adhesion will be open to discussion.
families of receptors, Frizzled and Arrow/LRP, and Notwithstanding this caveat, the interactions between
through the adaptor protein Dishevelled, disrupt the ac- signaling and adhesion mediated by b-catenin raise reg-
tivity of a large protein complex based on a scaffolding ulatory possibilities between these two processes of
protein, Axin, and which includes, amongst others, ade- potential importance for the development of cancer (Fig-
nomatous polyposis coli (APC), GSK3b, and protein ure 2). If Snail and Slug downregulate the overall amount
phosphatase 2A. The function of this complex is to regu- of cadherin in the cell, this could free a large pool of
late the amount and activity of a cytoplasmic pool of b-catenin which, in principle, could interact with LEF1/Tcf.
b-catenin, separate from that associated with cadherins Does Slug expression affect Wnt signaling? Could this
at the cell surface, and which has the potential of enter- interaction influence tumor progression? It would be
ing the nucleus. In the absence of Wnt, the Axin-based interesting to analyze these variables in the invasive
complex degrades b-catenin and prevents it from ac- tumors which show altered profiles of Snail expression
cessing the nucleus. In the presence of Wnt, the com- (Cano et al., 2000).
plex is inhibited leading to changes in the concentration Given the central role of b-catenin in Wnt signaling,
and phosphorylation of b-catenin in the cytoplasm. An its association with many different types of cancer, and
outcome of these changes is the functional association its potential multiple functional interactions, it is impor-
of b-catenin with members of the LEF1/Tcf family of tant to determine its mechanism of action. For a long
transcription factors in the nucleus. Mice mutant for time, it has been assumed that the key regulatory ele-
b-catenin die very early in development (Haegel et al., ment of Wnt signaling is the levels of b-catenin in the
1995) and do not allow an evaluation of their Wnt signal- cytoplasm. However, this might not be the case (Guger
ing ability. However, conditional mouse knockouts ei- and Gumbiner, 2000; Lawrence et al., 2000), and there
ther in the hindbrain, using the Wnt1 promoter (R. are hints that factors other than the amount of b-catenin
Kemler, Max Planck Institut fu¨r Immunbiologie, Freiburg, are important for effective nuclear activity of b-catenin
Germany; Brault et al., 2001), or in the epidermis, using
(Henderson, 2000; Rosin-Arbesfeld et al., 2000; Wiech-
the keratin14 promoter (W. Birchmeier, Max Delbru¨ck
ens and Fagotto, 2001). The increases of b-catenin asso-
Center for Molecular Medicine, Berlin, Germany), do
ciated with Wnt signaling might not be causal and mightsupport the essential role of b-catenin in Wnt signaling.
simply be associated with a posttranslational event thatSeveral types of cancer are associated with mutations
modulates its activity to enable it to interact with mem-in b-catenin, and its central role in Wnt signaling pro-
bers of the LEF1/Tcf family of transcription factors. Elu-vides a mechanistic explanation for this correlation. For
cidating the molecular nature of this event will provethe most part, these mutations result in the stabilization
important to understand the mechanism of action ofof cytoplasmic b-catenin and its association with LEF1/
mutant b-catenin molecules. This will require proper andTcf in the nucleus, suggesting that the tumors are due
critical genetic and biochemical analysis of theseto inappropriate Wnt signaling (Polakis et al., 1999; Bienz
events.and Clevers, 2000). Alterations in the expression and
stability of b-catenin could also influence the develop-
The Mechanism of Wnt Signalingment of tumors in a different way. Increases in the
A second link between Wnt signaling and cancer hasamount of E-cadherin at the cell surface reduce Wnt
been provided by the association between the activitysignaling presumably by titrating limiting amounts of
of APC and that of b-catenin. APC modulates the stabil-cytoplasmic b-catenin (Sanson et al., 1996; Zhu and
ity of b-catenin, and mutations in APC result in an in-Watt, 1999). On the other hand, increasing the amount
creased stability and activity of b-catenin, thus providingof LEF1 in cultured cells can induce EMT presumably
another simple explanation for the correlation betweenby titrating b-catenin from its association with E-cadh-
erin and thereby inactivating its function in cell-cell ad- many tumors and mutations in APC: loss of function of
Meeting Review
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Figure 2. Diagram of Possible Ways to Effect
an Epithelial Mesenchymal Transition (EMT)
Evidence has been collected from tissue cul-
ture experiments for each of the steps out-
lined. There are some good correlations be-
tween the expression of Snail and EMTs in
vertebrate embryos. The possibility that Wnt
signaling has a similar effect in vivo remains
to be explored.
APC results in increased Wnt signaling. Biochemical and ing in the details of Wnt signaling and, at a broader level,
provide a way of thinking about the cell as a set offunctional analyses of APC indicate that while this is
probably true, there might be additional reasons for the operations coordinated by a small set of molecular links.
association between cancer and APC. There are two
APC complexes, fractionating at 20S and 60S (B. Gum- Molecular Networks in Development and Cancer
In the course of a final discussion on what cancer andbiner, Sloan Kettering, New York, NY). The 20S complex
contains many proteins involved in Wnt signaling, but developmental biology can learn from each other, Z.
Werb highlighted the essential difference between thenot in the proportions that one might have expected
since it contains very little Dishevelled or GSK3b, indi- two areas of study: development is about regular and
reproducible cellular processes, cancer is about irregu-cating that if these proteins interact with the complex
(as suggested by the genetics), they do so transiently lar and unpredictable chains of events. This is high-
lighted by the expectation, based on experience, thator in catalytic amounts (see also Reinacher-Schick and
Gumbiner, 2001). The larger complex does not contain profiling of genomic activity of particular cells of an
organism at the same developmental stage in two differ-any of these proteins, and its characterization might
provide some further clues about the normal and patho- ent individuals will turn out very similar, if not identical,
profiles. On the other hand, profiling of two cancerouslogical activities of APC and perhaps, also, about Wnt
signaling. In this regard, there are recent reports linking cells with apparently similar pathologies is likely to re-
turn very different profiles. It is this issue of irregularitythe function of APC to chromosome segregation (Fodde
et al., 2001; Kaplan et al., 2001). It may be that the that has always been the difficult one with cancer. The
acknowledgment that there are common features to allchromosomal abnormalities observed in colorectal can-
cer cells with mutations in APC are due as much to its cancers does not get us away from the observation that
there are many different molecular ways to reach theassociation with b-catenin as to its interactions with
proteins involved in the mechanics of mitosis. same state (Hanahan and Weinberg, 2000).
It is as if once a cell breaks loose from the normalThe multiple functions of APC are not a peculiarity of
this element of Wnt signaling. In contrast to signaling controls of behavior, it explores the possibilities of the
network. There is another situation in which cells experi-by Hedgehog, Delta, or BMP/TGFb, which is mediated
by proteins dedicated to particular signal transduction ment with the possibilities of their molecular networks,
during evolution. In a curious kind of way, the richnesscascades, most of the molecules associated with Wnt
signaling are involved in more than one process (Marti- of organisms in nature results from the stabilization of
irregularities in different processes. Every organism re-nez Arias et al., 1999). Even at the source, i.e., at the
cell surface, there might be more than one way for Wnt sults from the fixation of one or several irregularities.
Thus, seen in an evolutionary context, there are strategicproteins to trigger a signal (R. Moon, University of Wash-
ington, Seattle, WA), in particular there is increasing similarities between cancer and development: tinkering
with the basic toolkit of a cell can give rise to a varietyevidence for a b-catenin-independent Wnt signaling
event that is mediated by PKC and calcium (Kuhl et al., of disparate phenotypes, whether different organisms
or different kinds of cancers. Perhaps the contrast be-2000). These manifold interactions suggest a picture of
Wnt proteins not as the triggers of defined linear signal- tween the regularity of development and the irregularity
of cancer belies a deeper similarity in the way the pro-ing events, but as devices for the coordination of differ-
ent cellular activities: adhesion, cytoskeletal activity, cesses come about. In one case, development, the irreg-
ularities are fixed in the course of evolution. In the other,transcription, and even cell division. Appreciating this
might help explain some of the paradoxes that are lurk- cancer, there is no chance for this fixation.
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H. (2001). Mutations in the APC tumour suppressor gene causeThe common identity of molecules involved in cancer
chromosomal instability. Nat. Cell Biol. 3, 433–438.and development is therefore a consequence of the fact
Guger, K.A., and Gumbiner, B.M. (2000). A mode of regulation ofthat these processes are two sides of the same coin.
beta-catenin signaling activity in Xenopus embryos independent ofThe important corollary from this realization is that, as
its levels. Dev. Biol. 223, 441–448.suspected by researchers in the early 1980s, our under-
Haegel, H., Larue. L., Ohsugi, M., Fedorov, L., Herrenknecht, K., andstanding of cancer will be greatly helped by our under-
Kemler, R. (1995). Lack of beta-catenin affects mouse development
standing of the mechanisms that underlie development at gastrulation. Development 121, 3529–3537.
and, perhaps surprisingly, also by our understanding
Hanahan, D., and Weinberg, R.A. (2000). The hallmarks of cancer.
of the way these mechanisms and the networks they Cell 100, 57–70.
operate have been tinkered with during evolution. The
Henderson, B.R. (2000). Nuclear-cytoplasmic shuttling of APC regu-
reason for this is that comparative studies should iden- lates beta-catenin subcellular localization and turnover. Nat. Cell
tify the points in the network that can be changed and Biol. 2, 653–660.
those that cannot, the weak and the strong links, and, Hogan, B.L. (1999). Morphogenesis. Cell 96, 225–233.
in doing so when looking at cancer cells, it might high- Holder, N., and Klein, R. (1999). Eph receptors and ephrins: effectors
light the way overall cellular processes can be altered of morphogenesis. Development 126, 2033–2044.
and lead to the “experimental irregularity” associated Jiang, R., Lan, Y., Norton, C.R., Sundberg, J.P., and Gridley, T.
with cancer. (1998). The Slug gene is not essential for mesoderm or neural crest
development in mice. Dev. Biol. 198, 277–285.
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